Abstract Dextranase is commonly used for eliminating dextran contamination in sugar factory. This research, dextranase from Aspergillus allahabadii X26, was produced, purified and characterized including on dextran hydrolysis. A. allahabadii X26 was cultured in a medium containing 1% dextran T2000 as a carbon source in 5-l fermenter aerobically at 30°C and obtain 110 U/ml crude extracellular dextranase activity within 9 days of incubation. Extracellular dextranase could be purified by the 2 steps of ammonium sulfate precipitation and affinity chromatography using Sephacryl S-300 HR. This resulted in 6.5-fold and a 39.1% recovery yield obtaining 3009 U/ mg mg protein. The purified enzyme exhibited 66 kDa on SDS-PAGE and was specified as a glycoprotein. The optimum pH and temperature for enzyme activity were 5.8 and 55°C, respectively. The enzyme exhibited thermostability in the range of 20-50°C and pH 5-9 over the incubation period of 1.5 h. The dextranase activity was enhanced by Co 2? , Mn 2? and Ca 2? , whereas most ions and reagents did not inhibit its activity. The enzyme only had specificity to the a(1 ? 6) glycosidic bond of dextran. Partial sequences of the enzyme determined by an ESI mass spectrometer showed similarity toward dextranase GH49. This purified dextranase (0.2 U/ml) from A. allahabadii X26 could degrade high molecular weight dextran into fragments of 5-10 kDa and oligodextrans within 5 min. These A. allahabadii X26 dextranase properties indicated high potential for dextran elimination in sugar production process.
Introduction
Dextran is a major problem associated with microbial contamination in sugar industry (Jiménez 2009) . It is an exopolysaccharide consisting of glucose monomers linked mainly by a(1 ? 6) glycosidic linkages in the backbone and is produced by some lactic acid bacteria (LAB) such as Leuconostoc mesenteroides and Leuconostoc dextranicum (Majumder and Goyal 2009; Sarwat et al. 2008) , Lactobacillus sp. (Nácher-Vázquez et al. 2017) , Klebsiella pneumonia, Enterobacter cloacae (Milintawisamai et al. 2009 ) and Weissella sp. (Bejar et al. 2013) . Dextran effected the viscosity of sugarcane juice and therefore reduced sugar crystallization and recovery yield (Jiménez 2009 ). The existences of dextran (MW 2000 kDa) at the concentration of 1500 and 5000 mg/l in sugarcane juice have increased crystallization time by 20% and 68%, respectively (Abdel-Rahman et al. 2008) .
Dextranase (a-1,6-D-glucan-6-glucanohydrolase; EC 3.2.1.11) is a type of glucan-degrading enzymes which cleave randomly at the internal a-1,6-glycosidic bond of dextran to produce various sizes of isomalto-oligosaccharides (Khalikova et al. 2003; Suzuki et al. 2012 ). According to the carbohydrate active enzyme (CAZY) database, dextranases are divided into two families, glycoside hydrolase (GH) families 49 and 66, distinguished by their primary structures. Most of fungus dextranase were placed in GH family 49 (Suzuki et al. 2011) . Dextranase is commonly used for eliminating dextran contamination in sugar industry by applying in mixed juice during milling process, clarification or evaporation steps. Imrie and Tilbury (1972) reported that dextranase 3 U/ml could remove 68.5% dextran in sugarcane juice at pH 7.0, 40°C within 20 min. Egglestona and Monge (2005) reported that with 45 mg/l dextranase from Chaetomium gracile and C. erraticum in sugarcane juice, 46% of dextran decreased within 10 min at 50°C. Using concentrated dextranase (52,000 DU/ml) at the concentration of 4 mg/l (juice) for 10 min at 50°C resulted to the removal of 66.6% dextran (Eggleston et al. 2005) .
Dextranases were progressively reported due to their expectancy to use commercially. These include dextranases from yeast Lipomyces starkeyi (Koenig and Day 1989) , bacteria, Streptococcus sobrinus and Bacillus sp. (Wanda and Curtiss 1994; Khalikova et al. 2003) as well as from fungi, Aspergillus carneus, Penicillium lilacinum, Penicillium notatum and Hypocrea lixii F1002 (Hiraoka et al. 1972; Das and Dutta 1996; Pleszczyńska et al. 1996; Wu et al. 2011 ). Generally, fungi are an important producer of dextranase with high dextranolytic activity. In particular, the genus Penicillium has been found frequently in screening procedures (Gálvez and Lopez Munguia 1991) . Worldwide, more than 90% of the commercial dextranase used in sugar milling processes has been produced from Chaetonium and Penicillium (Park et al. 2012) . Dextranases from the Aspergillus family has been rarely mentioned. Currently, there were only two reports of dextranase from A. wentii and A. carneus (Hiraoka et al. 1972; Carlson and Carlson 1955) . Niamsanit et al. (2015) has isolated a high dextranase activity containing Aspergillus allahabadii X26 from soil samples in North Eastern part of Thailand. The feasibility study showed that crude dextranase from culture medium of Aspergillus allahabadii X26 could potentially reduce dextran in mixed sugarcane juice comparing to a commercial dextranase.
This research, production, purification and characterization of dextranase from Aspergillus allahabadii X26 were performed. In addition, the hydrolytic potential characterization against dextran was studied.
Materials and Methods

Chemicals and Microorganisms
Dextran T2000, T500, T250, T60-90 and T10 were purchased from Sigma. Sephacryl S-300 HR was purchased from GE healthcare. A glycoprotein detection kit was purchased from Sigma. All other chemicals in this research were analytical grade.
Aspergillus allahabadii X26 is from our researcher (Niamsanit et al. 2015) . Dextran-producing bacteria, Weissella confusa R003 is isolated from Mitr Phuveing Sugar Factory (Milintawisamai et al. 2009; Netsopa et al. 2018) .
Dextranase Production by A. allahabadii X26
Dextranase production was performed in both 125-ml flask and 5-l fermenter. Firstly, A. allahabadii X26 was cultured in potato dextrose agar (PDA) slant at 30°C for 7 days in order to prepare the spores. Then, the fungus spores from the PDA slant were transferred to the final concentration of 10 6 spores/ml in dextranase production medium. The medium contained 1% dextran T2000, 0.2% yeast extract, 0.2% NaNO 3 , 0.2% K 2 HPO 4 , 0.05% KCl, 0.05% MgSO 4-7H 2 O, 0.001% FeSO 4 and 2% agar, pH 6.0 (Hiraoka et al. 1972) . For flask-scale production, 50 ml of the culture in a 125-ml Erlenmeyer flask is incubated at 30°C with shaking rate of 100 r/min for 10 days. Larger-scale production was performed using 2-l working volume in a 5-l bioreactor (Biostat B fermenter). Fermentation conditions were 30°C, 0.5 VVM air feed and impeller speed of 100 r/min. Dextranase activity, protein concentration and carbohydrate content were determined every 24 h. Sample was collected and filtered through filter paper (Whatman No. 41) . The filtrate was further passed through a 0.45-lm membrane to remove fungus spores and small particles. The supernatant, containing dextranase activity, was subjected to enzyme activity assays and preserved by lyophilization.
Analytical Methods
Dextranase activity was assayed according to the method proposed by Wynter (1997) . The reaction containing 0.4% (w/v) dextran T2000 in 50 mM citrate buffer pH 5.0 and enzyme solution was incubated at 50°C for 30 min. The liberated reducing sugar was measured using the DNS method (Miller 1959) . The amount of reducing sugar was calculated using the standard curve of glucose. One unit of enzyme activity was defined as the amount of enzyme that hydrolyzed dextran to 1 lmol of glucose equivalent in Sugar Tech 1 min under the assay conditions. The amount of protein was determined using the Bradford method (Bradford 1976 ) with bovine serum albumin (BSA) as standard. Total carbohydrate was determined by the Anthrone method (Colvin et al. 1961) . Sucrose solutions in the range of 0-100 mg/ml were used as standards.
Purification
The crude dextranase powder was dissolved in distilled water. The purification was performed in two steps. In the first step, the protein was concentrated by ammonium sulfate precipitation using 80% saturation while stirring at 4°C. The solution was kept at 4°C overnight to ensure complete protein precipitation. The precipitated protein was collected using a centrifuge at 15,0009g for 15 min. The protein pellet was re-dissolved in 50 mM citrate buffer pH 5.0 and was dialyzed against the same buffer. In the second step, partially purified dextranase was applied to a Sephacryl S-300 HR column (1.5 id 9 17 cm). Sephacryl S-300 was used as the affinity resin for binding with dextranase (Wynter 1997) . The column was washed using 50 mM citrate buffer pH 5.0 to remove any unbound proteins. The desired enzyme was eluted from the column using 3% dextran T10 in 50 mM citrate buffer pH 5.0 at a flow rate of 45 ml/h. Five milliliters of fractions was collected. The protein and dextranase contents were monitored by absorbance at 280 nm and dextranase activity assays. The fractions that exhibited dextranase activity were pooled and precipitated with 80% ammonium sulfate again to remove dextran T10.
Electrophoresis and Glycoprotein Detection
Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was performed according to the method described by Laemmli (1970) . The sample was boiled using a running buffer for 3-5 min before applying to a 4% (w/v) stacking and 12% (w/v) resolving gel. The gel was stained by Coomassie Brilliant Blue R250. A low molecular weight protein marker was used as the standard.
Activity gel staining was performed by the method described by Wynter (1997) . One percent w/v blue dextran (Sigma) was added in gel preparing step. After electrophoresis, the gel was washed in 1% v/v Triton X-100 solution for 90 min in order to remove SDS. In order to visualize the activity band of dextranase, the gel was incubated in 50 mM citrate buffer pH 5.0 at 40°C until a clear zone appeared. The carbohydrate content in the enzyme molecule was determined by glycoprotein detection kit (Sigma). SDS-PAGE was performed according to the method described above. After electrophoresis, the gel was stained according to the Sigma method. First, the gel was fixed in a fixing solution and oxidized using periodic acid. Then, the gel was stained with Schiff reagent and reduced by potassium metabisulfite in order to visualize the glycoprotein bands.
Effect of Temperature and pH on Dextranase Activity and Stability
Optimum temperature for dextranase activity was determined in 50 mM citrate buffer pH 5.0 using 0.4% (w/v) dextran T2000 as a substrate at various temperatures over 20-75°C. The temperature stability of dextranase was investigated by incubating the purified enzyme in 50 mM citrate buffer pH 5.0 for 1 h at 20-75°C. The remaining dextranase activity was assayed by standard assay procedure. Results are expressed as the percentage of relative activity comparing to the highest activity.
Optimum pH for dextranase activity was determined in different buffers according to pH values: 50 mM citrate buffers pH 3.0-6.2, phosphate buffer pH 5.8-8.0 and TrisHCl buffer pH 7.0-9.0. To determine the pH stability, the enzyme was incubated in the buffers as mentioned above for 30 min at 37°C without the substrate. The remaining dextranase activity was assayed by the standard assay procedure. Results are expressed as percentage of relative activity comparing to the highest activity.
Substrate Specificity
Substrate specificity of dextranase was investigated by incubating the purified enzyme in 50 mM citrate buffer pH 5.0 using different substrates at 0.4% (w/v) for 30 min. These substrates were dextran T10, T60-90, T250, T500, T2000, starch, chitin, glycol chitin, cellulose, Sephadex G10, Sephacryl S-300 HR, sucrose and maltose. Liberated reducing sugar was determined using DNS method.
Effect of Metal Ions
To investigate the effects of metal ions and reagents on dextranase activity, Ca (CoCl 2 ) , SDS, urea, Tris and ethylenediaminetetraacetic acid (EDTA) were added into the assay reaction at final concentrations of 1 mM, 5 mM and 10 mM. The results are expressed as the percentage of relative activity compared to the control.
Enzyme Kinetics
The kinetic parameters of the Michaelis-Menten constant (K m ) and maximal velocity (V max ) of the purified enzyme were studied in the range of 0.05-2.5% w/v of dextran (T2000, T250 and T60-90). The reactions were incubated Sugar Tech in 50 mM citrate buffer pH 5.0 at 50°C for 5 min. The kinetic parameters were evaluated using Lineweaver-Burk plots.
Partial Sequence Analysis
Twenty milligrams of purified dextranase was reduced and carboxymethylated by b-mercaptoethanol and iodoacetic acid, respectively. The carboxymethylated dextranase (Cm-dextranase) was purified through Sephadex G-50 column and eluted by 0.2 M ammonia. The fractions containing Cm-dextranase were pooled and lyophilized. Cm-dextranase was dissolved in 0.01 M Tris-HCl buffer pH 8.0. It was digested by incubating with trypsin (1/50 w/w) at 37°C for 4 h. Insoluble peptide was removed by centrifugation at 15,0009g for 5 min. Tryptic peptide solution was subjected to electrospray ionization quadrupole (Q) time of flight (TOF) mass spectrometry (MS) (ESI Q-TOF MS/MS system) using an API QSTAR Pulsar I apparatus.
Application of Dextranase for Dextran Hydrolysis
Dextran Preparation from Weissella confusa R003
Dextran from Weissella confusa R003 was the high molecular weight dextran (1 9 10 4 kDa) (Netsopa et al. 2018) . It was produced in 5-l reactor with 2 l working volume using modified De Man, Rogosa and Sharpe (MRS) medium containing 10% (w/v) sucrose, pH 7.5 with agitation rate of 125 r/min at 30°C for 24 h. Dextran was precipitated from culture medium using chilled ethanol at the ratio of supernatant per ethanol at 3:2. Then, the medium was vigorously stirred with a magnetic stirrer until the precipitate appeared. The dextran precipitate was redissolved in distilled water and then precipitated again as mentioned above. This step was repeated twice in order to remove the impurities. The purified dextran was kept by drying by freezing and the spray drying processes.
Dextran Hydrolysis Study
Dextran solution was prepared at the concentration of 1% (w/v) in 20 mM acetate buffer pH 5. Dextranase was added to the final concentration of 0.2 U/ml, and the reactions were carried on at 37°C for 0-1440 min. The products from dextran hydrolysis were determined by collecting 1 ml fractions at 1, 5, 10, 20, 30, 60, 120 and 1440 min. To stop the enzyme activity, the collected sample was boiled in a water bath for 10 min. The samples were filtered through a 0.45-lm membrane before subjecting to HPLC. The HPLC was performed according to the method described by (Wu et al. 2011 ) using the UFLC-HPLC system (Shimadzu, Japan). The hydrolyzed dextran was separated by TSKgel G5000PW (7.5 mm 9 30 cm; Tosoh, Shanghai, China) at 60°C with the flow rate of 0.6 ml/min. The dextran hydrolysis products were monitored by a RID-10A refractive index detector (Shimadzu, Japan). The standard curve of dextran was constructed by standard Dextran 1-670 kDa.
Results and Discussion
Dextranase Production of A. allahabadii X26
A. allahabadii X26 cultivated in the medium containing 1% dextran T2000 was performed both in 125-ml flask and 5-l bioreactor incubated at 30°C aerobically by shaking rate of 100 r/min and 0.5 VVM air feed with impeller speed of 100 r/min, respectively. It showed a green granular appearance in this dextranase-producing medium after 1 day of incubation at 30°C with a shaking rate of 100 r/ min in flask. Dextranase activity and specific activity in flask were found to increase during 2-8 days of incubation with the highest activity of 110.0 U/ml (171.4 U/mg protein) after 8 days of incubation in flask (Fig. 1) . Total carbohydrate in the culture broth was found to rapidly decrease in 1-3 days, and low level (less than 1 mg/ml) of total carbohydrate was observed after 3 days of incubation. The highest enzyme activity for dextranase production in a 5-l bioreactor was reached on day 9 with 77.4 U/ml (146.0 U/mg proteins). It was remarkable that dextranase activity expeditiously increased after total carbohydrate level became low both in flask and bioreactor. Carbohydrate content corresponded to dextran content that was utilized by the fungus. Dextranase is a type of an inducible enzyme that was induced by substrate dextran. In the culture broth, dextran is only one of the carbon sources. It was possible that low amount of dextran has motivated the fungus cell to secrete the enzyme in order to take the carbon source. Dextranase production in flask showed higher enzyme activity than the production in bioreactor a little bit. This result may be due to the loss of dextranase excretion into the medium due to wall growth of the fungus occurred in the bioreactor. Air feed and impeller agitation had generated splashed droplets on the reactor wall above the broth surface; it therefore nicely promoted growth of the fungus (Larsen et al. 2004) . There is rather the same character of dextranase production of A. allahabadii X26 in the medium containing 1% dextran T2000 in flask or bioreactor that the highest dextranase activity is obtained at late stationary phase after 8-9 days of incubation.
Purification
Dextranase of A. allahabadii X26 was precipitated from crude culture broth by 0-80% saturation of ammonium sulfate. The partially purified dextranase was further purified through an affinity column using Sephacryl S-300 HR. The elution profile is shown in Fig. 2 . Unbound proteins were observed in fractions 3-15 after washing, while the target protein was eluted in fractions 52-57 by 3% w/v dextran T10. The purified dextranase was separated from dextran T10 by ammonium sulfate precipitation to achieve yields of 39.1% recovery, 3009.8 specific activity and 6.5-fold purification. The two steps of purification are represented in Table 1 . This purification process was modified from the method of Wynter (1997) by packing the resin to column instead of mixing it with the enzyme. The resin, Sephacryl S-300 HR, acted as a substrate analog for specific binding with dextranase. This method is a simple and efficient process. The recovery yield of 39.1% was rather higher than the recovery yield obtained from dextranase purifications by Bacillus sp. (Khalikova et al. 2003) and Hypocrea lixii F1002 (Wu et al. 2011) . In this study, some of the yield could be lost in the step of ammonium sulfate precipitation while separating dextran T10 from the purified enzyme and some portion of the enzyme that may be bound tightly to the resin. However, this purification procedure provided the effective and rapid process for purification and characterization dextranase.
SDS-PAGE and Glycoprotein Determination
From SDS-PAGE and activity gels, dextranase from A. allahabadii X26 appeared at approximately 66 kDa. The result is shown in Fig. 3a , b. This result corresponded to the previous reports of fungal dextranase with molecular weights around 40-80 kDa. The lowest molecular weight of fungal dextranase was around 26.5 kDa from Penicillium lilacinum (Das and Dutta 1996), while the highest molecular weight was 79 kDa from Sporotrix schencki (Arnold et al. 1998 ). Molecular weight of the enzyme resembled the molecular weight of the filamentous fungus, Fusarium sp., at 69 kDa, and Hypocrea lixii F1002, at 62 kDa (Wu et al. 2011; Shimizu et al. 1998) . This was also similar to Dex 410 from Arthrobactor sp. that exhibited 64 kDa on SDS-PAGE (Jiao et al. 2014) . Glycoprotein was determined using a glycoprotein detection kit. The results are shown in Fig. 4a, b . Horseradish peroxidase and ovalbumin that contained approximately 16% and 3.2% carbohydrate were used as positive controls, while bovine serum albumin was used as a negative control. The dextranase band was positive for glycoprotein staining due to the sugar chain content in the molecule. From previous researches, dextranases from fungi and bacteria were found to be glycoproteins. P. minioluteum secreted extracellular dextranase containing 15% carbohydrate with N-glycosylation (Garcia et al. 1996) . Paenibacillus sp. produced endodextranase (PsDex) that belongs to glycoside hydrolase (GH) family 66 containing 5.1% D-galactose ). Moreover, isopullulanase from A. niger, classified in GH family 49, contained N-linked oligosaccharides (Padmajanti et al. 2000) . Existence of sugar chains contributed to dextranase enzyme activity and stability (Mizuno et al. 2008) . Padmajanti et al. (2000) reported that the deglycosylation of isopullulanase resulted in a decrease in enzyme activity and stability.
Effect of Temperature and pH on Enzyme Activity
Effects of temperature on enzyme activity and stability were examined in the range of 25-75°C. The results are shown in Fig. 5 . Enzyme activity successively increased with temperature from 25 to 50°C, and it exhibited optimal temperature with the highest enzyme activity at 55°C. After that, its activity sharply responded negatively to increase in temperature. Rising the temperatures from 55 to 60 and 65°C resulted in a decrease in enzyme activity by 25% and 66%, respectively. Half-life (t 1/2 ) of the enzyme at its optimal temperature, 55°C, was 52 min. Comparing to previous reports, the observed optimal temperature was higher than other fungi with their optimum temperatures between 25 and 45°C (Wu et al. 2011; Shimizu et al. 1998; Zhang et al. 2016 ). However, this value was lower than the report of Paecilomyces lilacinus with 65°C (Gálvez and Lopez Munguia 1991). To study enzyme stability, the enzyme was kept in pH 5.0 for 1 h at various temperatures and it revealed thermostability toward the temperature Relative activity
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Optimum temperature Temperature stability Fig. 5 Effect of temperature on activity and stability of the purified dextranase from Aspergillus allahabadii X26. Enzyme activity was determined by incubating enzyme at 20-75°C in 50 mM citrate buffers pH 5.5 containing 0.4% (w/v) dextran T2000 for 30 min. Enzyme stability was determined by incubating the enzyme in 50 mM citrate buffers pH 5.5 without substrate for 30 min before subjecting it to the standard enzyme assay procedure Sugar Tech range of 20-50°C by maintaining almost 100% activity. The enzyme lost more than 50% activity at 55°C and 100% activity over the range of 60-75°C. In analysis of the effect of pH on the purified dextranase, the enzyme activity was determined in the pH range from 3.0 to 9.0 using various buffers. Optimal pH was observed at around 5.0-6.0 (Fig. 6a) . This was in agreement with the results of A. carneus, Hypocrea lixii F1002 and Chaetonium erraticum that exhibited the optimum pH of 5.0-5.5, 5.0 and 5.2, respectively (Hiraoka et al. 1972; Virgen-Ortíz et al. 2015; Wu et al. 2011 ). However, it was slightly lower than the apparent optimal pH of 6.5 obtaining from Fusarium sp. (Shimizu et al. 1998) . Determination of pH stability found that enzyme exhibited stability with more than 80% relative activity at pH 5.0-9.0 (Fig. 6b) which corresponded with the results form A. carneus that exhibited the pH stability in the range of 4.5-9.0 (Hiraoka et al. 1972) . These findings can be applied to sugar milling and liming process. , Tris, SDS, urea, EDTA) on enzyme activity were determined using various concentrations of metal ions and reagents at 1, 5 and 10 mM. The results are given in Table 2 . These results showed an advantage of the dextranase that almost all metal ions and reagents had no effect on dextranase activity. Only Mn 2? and Co 2? stimulated enzyme activity at all concentrations. Dextranase activity was slightly stimulated by most ions and reagents at the concentration of 1 mM, but it dropped slightly at 5 and 10 mM of each ion. The stability of this enzyme against metal ions was different from other values that had been reported, such as dextranase from Sporothix schenckii (Arnold et al. 1998) , Aspergillus carneus (Hiraoka et al. 1972) and Pennicillium luteum (Fukumoto et al. 1971 (Purushe et al. 2012) . These properties of the purified enzyme which bears against metal ions and reagents may offer advantages for applications in sugar production process.
Effect of Metal Ions and Reagents
Substrate Specificity
The substrate specificity of purified dextranase was investigated by varying the types of substrate in the enzymatic assay. Results showed that the purified dextranase had specificity only for the a(1 ? 6) glycosidic bond of dextran, as given in Table 3 . For dextran substrate, the enzyme exhibited the highest hydrolytic efficiency on dextran T250 (MW, 250 kDa). The dextranase showed specificity toward high molecular weight dextran comparing to the previous reports Wu et al. 2011) . Its activity subsequently dropped around 10% by using dextran T500 and T60-70, while the lowest hydrolytic activity was found in dextran T10 and T2000. The dextranase only exhibited the highest activity on proper molecular weight of substrate. Using too low or too high molecular weight substrate resulted in a decrease in enzyme activity. This finding can be compared with the dextranase from T. pinophilus which exhibited the highest enzyme activity on dextran T70 and its activity decreased when dextran T4000 and T20 were used ). However, this dextranase might be effective for a wide range of substrate molecular weight. The enzyme activity decreased only 12% (dextran T2000) from the highest activity (dextran T250), whereas some dextranase exhibited 27% difference in enzyme activity for wide ranges of substrate molecular weight (Kim and Kim 2009) . It was also found that the enzyme could hydrolyze Sephacryl S-300 resin with 4.02% relative activity. Sephacryl S-300 is dextran cross-linked Effect of pH on the activity and stability of the purified dextranase from Aspergillus allahabadii X26. a Enzyme activity was determined by incubating the enzyme at 40°C in a series of 50 mM buffers (citrate, pH 4.0-6.0; phosphate, pH 5.8-8.0; Tris-HCl, pH 7.0-9.0) containing 0.4% (w/v) dextran T2000 for 30 min. b Enzyme stability determined by incubating the enzyme in the series of 50 mM buffers (citrate, pH 4.0-6.0; phosphate, pH 5.8-8.0; Tris-HCl, pH 7.0-9.0) at 37°C without substrate for 30 min before subjecting it to the standard enzyme assay procedure Sugar Tech with N,N 0 -methylenebisacrylamide at C2 and C6 of the glucose molecule (Wynter 1997) . In this study, Sephacryl S-300 was used as a specific adsorbent for the purification of dextranase. The dextranase activity toward the resin was quite low at the assay temperature of 50°C; however, the resin was not degraded during purification at 4°C because no dextranase activity was detected (data not shown). Sephadex G-25, a type of dextran cross-link using epichlorohydrin (Janson 1987) , was not hydrolyzed by this enzyme. This finding was different from the previous reports of dextranase from Hypocrea lixii F1002, which indicated that it could degrade different types of resin (G-15, 50, 100 and 150) (Wu et al. 2011 ) as well as a report on dextranase from Sporothrix schenckii which claimed that it could degrade Sephadex G-25 to small particles after incubation at 30°C for 1 h (Arnold et al. 1998) . In this study, the cross-link sites of Sephadex may have disruptive binding between dextranase and Sephadex G-25. The differences in the hydrolysis behavior of dextranase on the derivative dextran may be due to differences in the binding site of dextranase on the dextran. This dextranase from A. allahabadii X26 is confirmed that it could degrade high molecular weight dextran and has not effect on sucrose degrading. It is good for application on elimination of dextran contaminated in sugarcane juice. Enzyme Kinetics of Purified Dextranase from A. allahabadii X26
The kinetic parameters of the purified dextranase of A. allahabadii X26 toward various sizes of dextran (T2000, T500 and T60-90) were examined. The results are given in Table 4 . The apparent K m values were 2.57, 3.66 and 4.31 g/L toward dextran T2000, T250 and T60-70, respectively. The K m values tended to decrease when the molecular weight of substrate increased. This result implied that high affinity binding occurred between large surface of dextran T2000 and the enzyme. This result corresponded with behavior of dextranase of H. lixii F1002 (Wu et al. 2011) . The trend of V max values was found to be different from the trend of K m . The maximum V max (12,973 lmol/min mg protein) was observed with dextran T250. This was agreeable with the result of substrate specificity that the highest activity was found in dextran T250. The result recommended that the enzyme could exhibit high hydrolysis efficiency when substrate molecular weight was around 250 kDa. The results indicated that dextranase from A. allahabadii X26 had high affinity binding and potential degrading ability to degrade the high molecular weight dextran like dextran T2000.
Partial Sequence Analysis of Purified Dextranase from A. allahabadii X26
The purified dextranase from A. allahabadii X26 was subjected to peptide sequencing by ESI-MS/MS. It was digested by trypsin to generate tryptic peptides. The peptide fragments were separated using a time of flight mass spectrometer (TOF-MS). The 18 fragments that corresponded to m/z in the range of 390-1150 were selected for the second mass analysis of de novo sequencing by ESI MS/MS. The ESI-MS spectra were interpreted manually. All of the peptide sequences were searched by BLAST ( http://blast.ncbi.nlm.nih.gov/Blast.cgi) against fungal proteins in the NCBI database. However, only three peptides were able to be interpreted, while most peptide sequences were barely interpreted due to low signal intensity and mixed peptides. Moreover, sugar chains in the molecule producing the mass fragments did not correspond with the mass of amino acids. The three peptide fragments with m/z 690, 1035 and 1150 were evaluated from ESI-MS/MS to obtain the amino acid sequences of SFVYESIPR, VPSAILGAS and ISNVVCEGICA, respectively. Some peptides showed sequences similar to dextranases from other fungi, such as Penicillium minioluteum (gi|37927147), Fusarium fujikuroi IMI 58289 (gi|517313118), Penicillium roqueforti FM164 (gi|584411843) and Verticillium alfalfa VaMs.102 (gi|302414708). These results were comparable with the majority of fungi dextranases that are classified into glycoside hydrolase (GH) family 49. The GH family 49 is composed of dextranase from fungi as well as bacteria strains Arthrobacter sp. and Brevibacterium fuscum var. dextranlyticum. Moreover, isopullulanase from A. niger is also categorized in GH family 49. The results suggested that this enzyme belongs to glycoside hydrolase (GH) family 49, due to the shared characteristics among them. From previous research, the crystal structure of dextranase from GH family 49 was evaluated by Larsson et al. (2003) . The overall structure of dextranase from Penicillium minioluteum (Dex49A) contains two domains of 13 b strands and three parallel b sheets. These results still provided essential data which could be used for primer design of the dextranase gene. Further study in cloning and expression of this dextranase may lead to additional knowledge of its structure and functions. Moreover, recombinant enzyme might be a channel to improve enzyme properties and commercial production.
Dextran Hydrolysis by Dextranase from A. allahabadii X26
Hydrolysis character of Weissella confusa R003 dextran by purified dextranase from A. allahabadii X26 was compared with purified dextranase from Penicillium sp. (Sigma) in order to evaluate their efficiency. This result only informed the qualitative of the final products.
The experiment was done using dextran obtaining from bacteria, which was isolated in our laboratory. The low concentration of 0.2 U/ml dextranase and short reaction time were used in order to obtain various sizes of dextran. The evident of low molecular weight products was missed when using high enzyme concentration and too long reaction time since it rapidly hydrolyzed dextran to form oligosaccharides. The hydrolysis reaction was carried out at 37°C which was the recommendation by Sigma for Penicillium sp. dextranase. Although the optimal temperature of the enzyme was 55°C, this study provided significant knowledge for an enzyme application such as in sugar factory. Results showed that the products from hydrolysis depended on sources of the enzyme and reaction time (Fig. 7a, b ). Both enzymes (ours and control) rapidly degraded native dextran, and the hydrolyzed products were detected after two min of the reaction. The hydrolytic profiles at 2 and 5 min were markedly different between the two enzymes. The hydrolysis occurred rapidly, and the native dextran was hydrolyzed after 2 min of incubation by A. allahabadii X26 dextranase. In the case of the enzyme from Penicillium sp., native dextran was hydrolyzed in 10 min. After that, the short chain dextrans were degraded to oligosaccharides. The major products obtained from dextranase from Pennicillium sp. at 2, 5, 10, 20, 30 and 60 min were dextrans with the molecular weights of 11,991, 7251, 5919, 4962, 4270 and 2035 Da, respectively. At the same time, the major products obtained from using dextranase from A. allahabadii X26 at 2, 5, 10, 60 min were dextrans with the molecular weights of 10,140, 5765, 4918, 4233, 3643 and 2017 Da, respectively. Although dextran caused sugar yield loss in sugar production processes, this was only the effects of high molecular weight dextran, especially more than 500,000 Da. Dextran in which the molecular weight was less than 6000 Da has almost no effects on sucrose crystallization (Huang et al. 2016) . The property of enzyme that rapidly degraded dextran was an advantage to apply in sugar productions. At the reaction times of 120 and 1440 min, most of the products were oligosaccharides. Comparing between two enzymes at the same hydrolysis time, dextranase from A. allahabadii X26 generated dextran with lower molecular weight than dextran generated by Pennicillium sp. dextranase. Comparing to previous reports, this result was different from dextran hydrolysis by dextranase from H. lixii F1002 (Wu et al. 2011 ). However, enzyme and substrate concentrations have influenced the products obtained. In that experiment, 6% w/v dextran was hydrolyzed by 2.31 U/ml dextranase at 30°C for 45 min, and the major products from the hydrolysis were oligodextrans with different molecular weights (69, 376, 38, 251 and 21, 364 Da) . This result suggested that the dextranase from A. allahabadii X26 could be effective for dextran removal in sugar production process because it exhibited high hydrolytic ability within a few minutes on dextran that produced from the bacteria isolated from sugar production process.
Conclusion
The extracellular dextranase from A. allahabadii X26 could be produced in fermenter by using dextran T2000 as an inducible substrate. The purified dextranase obtaining from only two simple steps of ammonium sulfate precipitation and Sephacryl S-300 HR revealed that it was classified into the glycoside hydrolase family 49. The biological properties of dextranase were stable in a wide range of pH, high temperature, and stable against many ions which could be found in sugar production process. The enzyme showed potential to degrade high molecular weight dextran into fragments with 5-10 kDa within 5 min. These characteristics of A. allahabadii X26 dextranase are some superior than others. It demonstrated that it could have potential for sugar milling process. Furthermore, the information of partial sequences of this dextranase may be further useful for gene-modified organism construction for commercial purpose in the future.
